A Write-Once Publish-Everywhere model was used to create and deliver on-line clinical training and education for undergraduate prosthetics and orthotics students. This project consisted of three' phases: developing multimedia learning and teaching tools, integrating these tools into the curriculum (combination of e-Learning and live practical sessions), and evaluating the outcomes. Videobased multimedia contents were captured and integrated with graphic, audio and text into a PowerPoint presentation software format. The web-based content was integrated into the WebCT platform for course management. Questionnaires were used to obtain student feedback on this e-Learning approach. Results were compared within the prosthetics and orthotics (P&O) programme, with other Health Sciences programmes, and overall with the University. P&O student responses were significantly higher than other groups for career relevance and problem solving. Qualitative feedback indicated that students appreciated the easy access, integrated and interactive approach of the text materials, concise PowerPoint presentation, demonstration video and the online case discussion via the WebCT platform. Educators appreciated the .ability easily to maintain contents and publish the modules across multiple media without recreating the contents.
Introduction
Health education for prosthetics and orthotics (P&O) professionals has become more challenging as the pace of change of clinical techniques and assistive device technologies increases. The medical fraternity has demanded that P&O professionals employ advanced technical competence, independent demonstration of clinical judgment, and a higher level of training and education. The Hong Kong Polytechnic University implemented a multidisciplinary curriculum to address these demands. This curriculum interlinked academic studies with practical training in design, fabrication, fitting and evaluation of prosthetic and orthotic interventions. Educators considered e-Learning as a means of dealing with the pace of change, access to learning, and to help students deal with an expanded practical training load.
Previous e-Learning research for continuing education supported the use of digital technology for physical rehabilitation. Many of these implementations were restricted to one media type and were not supported by structured evaluations (Browning and Foss, 1983) . Various physical rehabilitation or geriatric care programmes have reported successful integration of learning technology in the classroom (Cronin-Stubbs et al., 1994; Percy and Withnall, 1992; McCreary and Van Duren 1987; Martin et al., 1978; Brown and Johnson, 1977) or within tele-health outreach programmes (Levine and Gorman, 1999; Temkin e f al., 1996) . E-Learning work involving P&O continuing education (Lemaire, 1993; Lemaire and Green, 2002 and 2003) though much of the content involves hands-on skills, human motion, and assistive devices. The work by Lemaire and Green (2002 and 2003) also demonstrated the benefits of not restricting e-Learning programme development to one medium. This project incorporated multiple learning technologies and a Write-Once Publish-Everywhere content development methodology to improve learning for students within a P&O undergraduate programme.
Methods
This project consisted of three phases: developing multimedia learning and teaching tools, integrating these tools into the cumculum (combination of e-Learning and live practical sessions), and evaluating the outcomes.
Multimedia learning modules
, A series of multimedia learning and teaching tools were produced for orthotics practical training sessions. These tools allowed students and other related disciplines to study and review the techniques and skills at their own pace. Demonstrations of practical techniques and clinical skilIs were captured using a digital video camcorder for upper limb orthotics, lower limb orthotics and spinal orthotics. These videos clips were edited and converted into Microsoft streaming format for downloading on demand. Streamed video allowed students to review orthotics design, fabrication, fitting and evaluation at their own pace over the Internet. Videos were also saved as "MPEG-'I" compressed clips for access by interactive CD-ROM.
Integration with Web and WebCT
Educators used Microsoft PowerPoint as a multimedia' development environment for each course module. As described by Lemaire and Greene (2002 and 2003) , images, video clips and text were integrated into PowerPoint slides such that each slide could stand on its own as a quality education aid but still be useful when projected in a live classroom situation. Each section was supported by detailed text descriptions.
The multimedia components (video, ' PowerPoint, text) were integrated into HTML format for publishing to WebCT 3.8. WebCT components included slide shows, handouts, tutorials, electronic exercises, assignments, and quizzes. Online education modules included Upper Limb Orthotics, Lower Limb Orthotics, Spinal Orthotics, Introduction to P&O Practices, and Clinical Attachments. Lecturers and students could deliver their web-based slide shows from the WebCT platform in classroom setting or from a notebook computer. In addition to allowing students to review the materials prepared by their lecturers or classmates anytime, electronic exercises allowed students to self-check their understanding of the course materials.
Interactive cases studies
Interactive case studies were designed and uploaded to the WebCT forum to enhance students' critical thinking and problem solving abilities. Students were requested to make critical clinical decisions among poorly defined questions and solutions. In this activity, students used an on-line discussion forum to express actively their opinions and debate vigorously among themselves. Reference materials searched from journals and the Internet were submitted to support their arguments. Lecturers explained the scenarios and released additional information during the discussion process. Development of critical thinking and problem solving abilities was demonstrated in this exercise.
Evaluation
A purpose-designed questionnaire was administered to students in The Hong Kong Polytechnic University P&O programme following one semester using the e-Learning system. This questionnaire was also administered to students in other programs of the Faculty of Health and Social Sciences and a cross-section of the entire University. The questionnaire evaluated career relevance, learning outcomes, critical thinking, creative thinking, ability to pursue lifelong learning, communication skills, interpersonal skills, problem solving, adaptability, and workload. Questions were scored on a five-point scale ranging from strongly disagree to strongly agree. Results were compared between e-Learning, typical curricula, and with overall results from The Hong Kong Polytechnic University. 
Discussion
Prosthetics and orthotics education programmes must' strike a balance between academic knowledge and practical experience. New multimedia and Internet technologies are providing options for striking this balance in an effective and efficient manner.
Results from this study showed that P&O students who used an e-Learning approach had a learning experience that was equivalent to or better than students in a typical university programme. One of the significantly better ratings was the relevance of course content to the student's career. This outcome may have been attributed to including clinical case scenarios in the learning environment. Since students used a self-directed approach to solve ,clinical cases, students developed confidence in their problem solving abilities. These students could also have developed confidence in their ability to work with information technology. Self-directed, case-based leaming may lead to a good lifelong learning attitude. Students in the e-Learning group also had access to on-line FAQ (frequently asked questions) and patient responses to the clinical cases. This web-based ' information may be closer to a clinician-patient relationship than typical P&O textbook content.
Critical thinking and problem solving also had significantly higher ratings from the e-Learning group. Self-directed learning by solving clinical cases and active participation were potential reasons for this result. Students in the e-Learning group did not passively receive content from an instructor. Students solved cases independently, searched for and accessed web- based content, performed literature searches, and interacted using the discussion forum. Since no significant differences were found for the other measures, the students were satisfied with their .learning experience regardless of the learning medium. Both students and faculty considered e-Learning to be a more efficient learning environment because students could leam at their own pace, work from any location, and access content anytime. Since multimedia was used to demonstrate clinical procedures, students could review examples that were missed in class or revise for examination without additional staff or facility resources.
The multimedia content supplemented, rather than replaced, hands-on laboratory sessions.
Communication and interpersonal skills were rated lower for the e-Learning group as compared with the Nursing and Allied Health group. During the evaluation period, the Nursing and Allied Health group had already completed part of their off-site clinical placement (placement in Hong Kong health care facilities).
.The e-Learning group had completed peer-topeer and peer-to-patient interactions within the campus but had not initiated the off-site placement portion of the programme. Student perception about their communication skills have been equivalent after all groups had completed their off-site clinical placements.
Informal feedback from students on the learning environment was very positive. Students appreciated the easy access to handouts, PowerPoint presentations of course content, and on-line discussions. A typical student accessed the e-Learning system 50-70 times (maximum of 300). Access times were during day and night. The discussion forum was typically used in the latemidnight hours.
Staff liked the Write-Once Publish-Everywhere model for preparing and delivering the e-Leaming content. By using Power Point for the multimedia development environment, staff could create and maintain their content with minimal instruction. The WebCT environment facilitated the administration of quizzes. A webbased environment was considered better for supporting foreign students and students on work placements since the content could be accessed anytime and anywhere with Internet.
Conclusion
This study described a method for implementing e-Learning in a prosthetics and orthotics programme. Even with the substantial hands-on content in P&O programmes, e-Leaming was able to produce equivalent or better results on criterion measures. Development of on-line education modules for orthotics will be continued and on-line prosthetic modules must be developed. This P&O leaming approach should be of benefit as supplementary modules for other related health disciplines.
